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                                 Abstract

                                                                        e   The lattice constants of the crysta! of Iinarite frorn Kisamori are a==9.67, b=5.64, c==4.68A

and B"102C'401 Its space greup is P2i/m, and there are two rnolecules•per unit cell.
   Intensity data were obtained through the oscillation photographing, and the structure
was determined by means of the two-dimensional Patterson, Feurier and difference syntheses.

                               Introduction

    There are many secondary minerals whose crystal structures were not yet
analysed. For example, a nurnber of sulÅíates containing iron or copper are of the

case.
    On linarite from Red Gill, Cumberland, England, only an X-ray study has been
reported by L. G. BERRy (1951) giving the lattice constants, space group and the
sÅíructure formula.
    Linarite, a basic sulfate Qf lead and copper, PbCu(S04)(OEf)2, occurs widespread-

ly in small amount as a secondary mineral in oxidized zones of the copper and
lead deposits.

    Recently the writer has examined the results of BERRy and determined further
the structure of the mineral.

                              Experirnental

    Specimens from Kisamori mine, Akita prefecture, Japan were used in this in-
vestigation. They are prismatic and elongated along b-axis. The unit cell dimen-
sions were obtained measuring the distances between the layer lines on rotation
photographs taken with CuKa radiation. The result is:

              ooo a == 9.67Å}O.02A, b = 5.64 S O.01A, c== 4.68Å}O.01A, 3 == 102e4e'Å}15' (goniometric)

    Density was measured pycnometrically and 5.34 was obtaiRed. Therefore, there
are two chemical linits in the unit ce}1. The space group is P2i/m, OfeO refiexions
being present enly when fe k- 2n and the mineral having holohedral symmetry mor-
phologically. These resglts are in good agreement with those previously reported•
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     The intensity data were obtained, using multiple film technique, by oscillation
 photographs taken with CuKa radiation and each of the intensities was estimated
 visually with the aid of a graded iRtensity scale. The usual corrections for Lorentz
 and polarization factors were applied and the set of Rumbers thus obtained were
 converted to the absoiute scale applying the Wilson's method to each of the inter-
 vals divided for sine/7,, but the corrections for the absorption and temperature
 factors were neglected. These numerical values thus derived were assumed to be
 the observed structure factors.

                          The structure determinatien

     In the space group P2i/m, equivalent positions are

         4(f) Å}ix, y,z; tc, Y2+y,21 2(e) Å}Ix, 1/4, 21
         2(d) 1/2, 0, 1/2; 1/2, 1/2, 1/2. 2(c) 0, 0, 1/2; 0, 1/2, 1/2.

         2(b) 1/2, 0, 0; 1/2, 1/2, 0. 2(a) 0, 0, 0; 0, 1/2, 0.

     In the Patterson maps it is considered that prominent peaks represent Pb-Pb
 and Pb-Cu vectors and less prominent are Pb-S, Cu-Cu and Pb-0 vectors. Provided
 that Pb and Cu atoms occupy the positions of 2(e) respectively, a Pb-Pb vector must
 appear at 2x, 1/2, 22 and Pb-Cu vectors at y=0 and y==1/2. But if Cu atoms
 occupy a set of centers and Pb atoms the positions of 2(e), Pb-Cu vectors mttst

.

 appear at pt==1/4.

     At the first step of the determinatioR of atomic parameters, two-dimenslonal
 Patterson syntheses were carried out using observed F2(hfeO), F2(Olel) and F2(hOl)
 terms respectlvely.

     In the Patterson maps which are shown in Fig. 1, there are prominent peaks
 of different height, i.e. the heighest at y==1/2 and the second at y=-X.itg,. Comparing

 the peak height of these vectors with that of the orlgin one and also considerlng
 the weights of the vectors, it was inferred that the heighest peak at y=1/2 re-
 presents a Pb-Pb vector and the second at y==1/4 a Pb-Cu vector. Therefore the
 approximate atornic parameters of Pb atoms were easily obtained as x=0.160, N --- 'Y f i5,,

 2==0.170, from the Patterson maps projeeted on the (OOI) and (IOO) planes, and
 taking its coordinates of equivalent positions into account.
     Further, it was found that the Pb-Cu vector at y== 1/4 locates just at 1/2-x, 1/4,

 1/2-z, where x and z are the approximate parameters of Pb atoms. Consequently
 it was deduced that Cu atoms are situated at the centers, 2(d). In the Patterson

 rnap projected on the (01e) plane there appeared only a prominent peak which could
 be regarded to be an overlap of the Pb-Pb and Pb-Cu vectors. This fact will
 confirm the deduction above mentioned. Therefore, the space group of linarite
 was also determined to be P2i/m from the interpretation of the Patterson maps.
 The other interatomic vectors could, however, hardly be recognlzed due to the
 background in the Patterson maps.
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Fig. 1. The Pattersen maps projected on the (Oel), (10e) and (elO) planes respectively.
    Conteurs at an arbitrary unit.
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    From the parameters for the heavy atoms above obtained the signs of Fo's whose
values were relatively iarge were easily found taking the contribution of the heavy
atoms to the structure factors into account.
    At the outset, the electron densities on the <eOl) and (010) planes were evaluat-
ed by means of the two-dimensienal Fourier syntheses with Fo's whose signs could
be determined, and the maxima in the electroR density maps which represent the
positions of Pb atoms were found at the positions close to the approximate positions

obtained through the foregoing Patterson syntheses, wliereas Ctt atoms just at the
centers. Furthermore, the maxima which are regarded to be the positions of S
atoms were found, but the Fourier syntheses failed to reso}ve the positions of 0
atoms and OH groups.
    The coordinates of 0 atoms apd OH groups were then assumed keeping the
heavy atoms and S atems in their positions above mentioned respectively and two-
dimensional Fourier summatien$ were carried out ttsing F,'s at the intervals of 1/60
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the <Oel) plane. Contours at leeA-2. Zero contours
0 atoms and ON groups are indicated by crosses.
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of the cell edgeswiththe aid of Beevers and Lipson strips. The summations were
repeated several times, giving Recessary corrections for t•he atomic coordinates. For
scattering factors Viervoll and Ogrim's values were applyed except for Pb atom,
for which values in Internationale Tabeilen were used, and the contribution of H
atoms So the structure factors was negiected.

    In Flg. 2 and 3 aye shown the electron density projected on the (eOl) and (010)
planes respectively, obtained iR the final summations.

    In order to refine the coordinates of the lighter atoms excludiBg the effect of
diffraction ripples, difference syntheses were carried out, using the differences between

Fo's and F(Pb, Cu)'s, where F(Pb, Cu)'s are the calculated structure factors to whick
only Pb and Cu atoms coBtribute. After repeating this summations, glving necessary
corrections for the coordinates, the maxirna in the eiectron deRsity maps satisfactorily
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coincided with the coordinates of S and 0 atoms and OH gyeups chosen. In Fig. 4
and 5 are shown the electron density projected on the (OOI) and (010) p}anes ob-
tained in the final difference summations, respectively.
   The coordinates of atoms found in the final syntheses are given in Table 1.
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4. The final difference synthesis projected on the (OOI) plane.
   4eA-2. Zero contours dotted. The positions of Pb and
   marked by cross and solid circles respectively.

               Table 1. Ceordinates of atoms.

 Centours at
Cu atoms are

Atom

Pb
Cw
s
0(1)

0(2)

0(3)

Off(i)

OH(,)

Numbet of atoms in
    a unit cell

2

2

2

2
2

4
2

2

x/a

0.157

0.500

0.830

0.944

0.654

e.846

0.352

0.455

y/b

0.250

o.ooo

e.2so

e.2so

0.250

e.o6o

0.250

o.2se

ZIg

e.168

0.500

0.998

0.774

0.834

0.248

0.699

0.248
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     Fig. 5. The final difference synthesis projected on the (010) plane. Contours at
           4eArm2. Zero conteurs dotted. The pesitions of Pb and Cu atoms are
           marked by cross and solid circle respectively.

   In Table 2 are summarized the observed and calculated structure factors, the
calculated values being calculated with"atomic coordinates finally obtained and the
observed values being adjusted by multiplying factors which minimumize the relia-
bility factors.

   The reliability factors are O.l95, 0.200 and 0.286 for ltkQ, Olei and hOl refiexions

respectively, unobserved reflexioRs being contained in calculations.

                           Structure deseriptlon

    In Fig. 6 is il}ustrated the structure of linarite.

   The structure are composed of the framework of Cu(OU)2 and Pb(S04) chains
which are stretched along the b-axis, Cu atoms are situated at the center of a space
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Tab!e 2. 0bserved and calculated styucture factors.
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Table 2. (Continued)
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 S Ctt Pb OH   o
Fig. 6. The structure of linarite projected on the (010) plane.

Table 3. Interatemic distances.

Atom Atom l Distance (A) l

        llS MOis -o.
S --t 03
Cu -- Ol1' i

Cu -- OH,
Cu -- 02
Pb -O,
Pb - 0,'
Pb _....0,
Pb ttt. O,,
Pb ".. O,t!

i

l

l
:

t

1.68
1.71
1.57
2.20
1,82
2.37
2.45
3.02
2.60
3.22
3.39

1 Atom Atom

U.t...t  OH,
mm OHp
m- OHI'
ww 02
ua 02

_ 03

_ 03
un 03

rr.  03'

--  e""
. ..n 01'

I
Pb
Pb
Pb
Pb
oi
02
Oi
03
0i
0i
0i

Distance (A) 1

2.77
2.82
3.19
3a36
2.88
2.60
2.81
2.l4
2.66
2.70
3.55

l

I

1Atom Atom
1

I o, - o,'!
I' 02 ww 03'
I o, .t........t o,,

 0, ww OH,
I 02 - OHIt
I 02 -- OHi"
I O, - oll,
l 03 ww OHi
I Off,--- OH,
I OH,-- OHd
 OHi - OH12,i
l

l       o Distance (A)
' tt

   4.11
   3.79
   3.42
   3.75
   2.85
   3.58
   3.01
   2.64
   2.52
   2.54
   3,36

These values imply the errOrS      ooÅí +O.03A resulted from the termination effect.
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surrounded by four OH groups which are coordinated in a plaRe, whereas Pb atorns
are situated at the positlons close to two S04 groups in a space surrounded by five
S04 and two Oll groups.
    The interatorr}ic distaRces are tabulated in Table 3.
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